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1802 N. Dos-Santos et al. / Food Research International 54 (2013) 1801–1812fruit (Dos Santos, Jiménez Araujo, Rodríguez Arcos, & Fernández
Trujillo, 2011). Harvesting firm and early mature fruits is a commercial
practice commonly adopted tomaximize post harvest life, but this prac
tice can modify the fruit aroma profile, and is counterproductive to the
flavor and quality, especially in climacteric fruit (Navarro, 1997;
Vallone et al., 2013). Fruits with very soft flesh or that are over mature
are also rejected by consumers (Abrahão, Miguel, Dias, Spoto, & da
Silva, 2009), particularly for the fresh market, due to loss of volatiles
during storage (Amaro et al., 2013).
Aroma biosynthesis and textural changes during fruit ripening and se
nescence have a certain correlation due to a matrix effect. The aromas
trapped in the network formed by the polysaccharides modify flesh
and juice viscosity (Bezman, Mayer, Takeoka, Buttery, Ben Oliel,
Rabinowitch, et al., 2003; Harker & Johnston, 2008; Savary, Guichard,
Doublier, & Cayot, 2006). Matrix effect also can result in differential sub
strate supply due to differences in membrane peroxidation catalyzed by
lipoxygenases (Harker & Johnston, 2008; Whitaker & Lester, 2006).
One near isogenic line (NIL) of melon (SC10 2) contains quantita
tive trait loci (QTL) with a positive effect on flesh firmness (Moreno,
Obando, Dos Santos, Fernández Trujillo, Monforte and Garcia Mas,
2008) and also in juiciness retention in refrigerated fresh cut cubes of
SC10 2 (Gomes, Fundo, Obando Ulloa, Almeida, & Fernández Trujillo,
2009). Also, the aroma profile and, to a lesser extent textural traits, are
efficient tools for discriminating climacteric NILs from non climacteric
ones (Obando Ulloa, Jowkar, Moreno, Souri, Martínez, Bueso, et al.,
2009; Obando Ulloa et al., 2008).
The goal of this work was to map QTLs and select the most discrim
inant flesh aroma volatiles as potential biomarkers of textural differ
ences (especially flesh firmness) due to introgressions in melon
chromosomes VII and X. The usefulness of combining univariate and
multivariate statistical methods and aroma pathways potentially in
volved in textural differences between PS and NILs are also discussed.
2. Materials and methods
2.1. Plant material
Thenon climactericmelonnear isogenic lineswere obtained through
repeated backcrossing between non climacteric parentals, the Spanish
melon Cucumis melo L., Inodorus group, cultivar T111, of the ‘Piel de
Sapo’ type (PS) and the exotic Korean accession PI 161375 (SC; Cucumis
melo L. var. ‘Shongwan Charmi’ sp. Agrestis, Conomon group) (Eduardo,
Arús, & Monforte, 2005; Moreno et al., 2008). Two non climacteric NILs
(SC7 1 and SC10 2) with introgressions of SC in a single linkage group
(LG) of the PS genetic background as mapped by Eduardo et al. (2005)
were tested. The first numbers (7 or 10) refer to the LG containing the in
trogression (i.e. in the chromosomes VII and X, respectively) (Dos Santos
et al., 2011; Tijskens, Dos Santos, Jowkar, Obando, Moreno, Schouten,
et al., 2009). Fruit quality traits of both NILs were compared with those
of the PS parental.
2.2. Experimental design
Melons were cultivated in Mediterranean conditions in Torre
Pacheco (Murcia, Spain) according to the growing practices commonly
used for this crop. The number of replicates was 21 for PS and 3 and 5
replicates, respectively, for NILs SC10 2 and SC7 1 (Fernández Trujillo,
Obando, Martínez, Alarcón, Eduardo, Arús and Monforte, 2005;
Obando, Fernández Trujillo, Martínez, Alarcón, Eduardo, Arús, et al.,
2008; Tijskens et al., 2009).
2.3. Textural traits
Flesh juiciness (FJ), juice density (JD), juiciness (JJ) and pellet con
tent of the juice (PJ) were measured according to the methodology de
scribed in Dos Santos et al. (2011) and Obando et al. (2008). The resultswere expressed in grams of juice per kg freshweight, grams of juice per
mL juice, grams of juice per kg juice and grams of pellet per kg juice.
Whole fruit hardness (WFH) was determined at the equator as pre
viously reportedmeasuring the compression force to achieve 2 mmde
formation (Tijskens et al., 2009). Fleshfirmness (FF)wasmeasuredwith
a puncture test using cylinders (L = 20 mm; Ø = 15 mm) obtained
with stainless steel apple corers from the equator of the fruit and a
4.6 mm wide probe (TG83, SAE Ibertest, Madrid, Spain) adapted to a
testing machine (ELIB 5K, SAE Ibertest) (Fernández Trujillo et al.,
2005).2.4. Juice sampling and volatile compounds analysis
The methodology to determine the volatile aroma composition of
melon juice by constant flow gas chromatography mass spectrometry
(GC MS)was adapted fromObando Ulloa et al. (2008). The volatile com
pounds were measured from vials stored at−80 °C with a solution con
taining melon juice and saturated calcium chloride. The previously
tempered juice was poured into a 10 mL glass vial (Gerstel, Germany)
and then an internal standard (10 μL of phenyl ethyl alcohol 0.01% v/v;
Merck, Spain) dissolved in 1 mL deionized water (Type I) was added.
We added this amount to each vial before analysis. The volatileswere an
alyzed by solid phase micro extraction (SPME) and identified by gas
chromatography mass spectrometry, according to Obando Ulloa
et al. (2008). Briefly, the 1 cm long SPME fiber was a 50/30 μm
divinylbenzene/carboxen on polydimethylsiloxane coating (57329
U DVB/Carboxen™/PDMS Stable Flex™ Fiber, Supelco, Bellefonte,
PA, USA). Fiber was automatically preconditioned before extraction
in the injection port at 250 °C for 1 h and remained for 30 min at
35 °C absorbing the volatiles of the vial.
The analyses were conducted with a MPS2 Gerstel Multipurpose
sampler coupled to the 6890 GC coupled to a mass spectrometer 5975
with a hyperbolic quadrupole (Agilent Technol.). The injection port
was operated at 280 °C in a splitless mode and subjected to a pressure
of 80 psi. The liner was a 78.5 mm × 6.5 mm × 0.75 mm internal di
ameter (SPME/direct, Supelco). Volatiles were separated according to
Obando Ulloa et al. (2008) on a 30 m × 0.25 mm id × 0.25 μm thick
ness capillary column (HP 5MS UI, Agilent Technol.). The inlet liner
used was a 2637505 SPME/direct (Supelco), 78.5 mm × 6.5 mm ×
0.75 mm. Chromatographic grade helium was used as the carrier gas
with a flow rate of 1.5 mL/min. The variable temperature program was
an initial oven temperature of 35 °C, followed by a ramp of 2 °C/min
up to 75 °C, and then at 50 °C/min to reach a final temperature of
250 °C, which was held for 5 min. Mass spectra were obtained by elec
tron ionization (EI) at 70 eV, and a spectrum range of 40 450 m/z was
used. The detector worked at 230 °C and in full scan with data acquisi
tion and ion mass captured between 30 and 300 amu. The total flow
54.4 mL/min.
The chromatograms and mass spectra were evaluated using the
ChemStation software (G1791CA, Version C.00.00, Agilent Technol.).
The compounds were tentatively identified by comparing their mass
spectra with those included in the National Institute for Standards
and Technology (NIST05a.L, search version 2.0) data bank and by
comparing with linear retention indices (LRI) reported in the litera
ture or NIST database (http://webbook.nist.gov/chemistry/cas ser.
html) (Obando Ulloa et al., 2008).
Volatiles were classified into ten classes of compounds (acetate es
ters, acids alcohols, aldehydes, alkanes, ketones, non acetate esters,
sulfur derived compounds, others and terpenes) and all the areas of
the compounds were added to the corresponding class and percentages
were based on total area of the identified compounds.
For individual aroma volatile compounds, the area of each com
pound was normalized according to the internal standard and the re
sults are reported as percent of normalized area of each compound
divided by total area counts of the identified compounds. In a separate
1803N. Dos-Santos et al. / Food Research International 54 (2013) 1801–1812analysis, normalized areas were also used. When data were not detect
ed, empty cells were automatically considered as zero for the analysis.
Variables representing volatile compounds with a presence below
25% of the fruits and below 50% of the replicates analyzed in all melon
lines were discarded. The volatile compounds such as silane and silox
ane derivatives, or volatile organic compounds associatedwith contam
ination, plastic composition, and the fiber were discarded and are not
reported here. Some compounds of importance obtained in the analysis
were classified as unidentified (NID) and reported according to their
mass spectra.
2.5. Statistical analysis and QTL mapping
All individual volatile compounds for eachmelon linewere subjected
to exploratory data analysis to detect possible outliers by using box
whisker plot graphs and also normal probability plots to detect poten
tial deviations fromnormality. If necessary, the Box Cox family of trans
formations was used to estimate normalizing transformations of each
univariate variable. This transformation was made to obtain residuals
from the analysis of variance (ANOVA) as close to normal distribution
as possible (Box & Cox, 1964). In order to apply this type of transforma
tion in cases with zero values in the input data, a constant is added to all
the observed data.
A one wayANOVAwith pedigree (PS, SC10 2 or SC7 1) as factorwas
conducted. We also applied the false discovery rate (FDR) test
(Benjamini & Hochberg, 1995) to correct the raw P values for themulti
ple test. When pedigree was significant at P ≤ 0.05, QTL mapping was
conducted according to Obando et al. (2008) by establishing significant
differences between PS and each NIL according to a Dunnett's test at
P = 0.05. The QTLs were mapped in the LG region previously flanked
by molecular markers (Eduardo et al., 2005).
In order to apply different multivariate statistical analysis to the in
dividual aroma volatile variables, the zero values were substituted by
the minimum non zero value observed in the whole dataset and log
transformation (base 2) was performed (Mathieu, Dal Cin, Fei, Li, Bliss,
Taylor, et al., 2009). The data were means centered and scaled to unit
variance to avoid the effect of the scale of themeasurements on the var
iables. Principal components analysis (PCA) was used for a descriptive
analysis in order to determine the structure of the data and to detect po
tential outlier data. The results reported in this paper are based on other
multivariate techniques and classification methods such as Partial least
squares discriminant analysis (PLS DA) and Random forest (RF). These
classification methods are well established approaches to handle high
dimensional datasets and provide variables important measures for de
termining the contribution of the aroma volatile compounds in the
classification.
All statistical analyses were conducted using the R free software en
vironment version 2.14.1 (2011 12 22) (R Foundation for Statistical
Computing, Vienna, Austria) and the FactoMineR (Husson, Josse, Le, &
Mazet, 2012), caret (Kuhn, 2013) and randomForest (Liaw & Wiener,
2002) packages for PCA, PLS DA and RF, respectively.
PLS DA is a PLS regression method where the response variable is a
categorical variable and the number of components to be extracted is
usually set to k 1, where k is the number of levels of the factor. In this
case, the different levels of the response variable are the different
melon cultivars or NILs and the vector of explanatory variables are the
aroma volatiles (Obando Ulloa et al., 2008). The set of PLS components
are a linear combination of the original explanatory variables (aroma
volatiles) whose coefficients are defined maximizing at the same time
thedescription of the variability of the explanatory variables and the pre
diction of the response variable (Gabrielsson& Trygg, 2006; Karp, Griffin,
& Lilley, 2005). The multidimensional data structure was visualized by
constructing score plots and correlation loading plots. The centroids rep
resented in the bidimensional space of the two PLS components in the
score plots are the average value of all the observations within each
NIL and were used for an easier interpretation of the figure. The ellipsesaround each centroid were drawn at 65% confidence level with the car
package in R language. The correlation loading plot of the PLS DA indi
cates the correlation between the original variables (aroma volatiles)
and the PLS components. The coordinates of an aroma volatile on the
first and the second latent variables show how well these volatiles are
correlated with the latent variables. The concentric circles on the figures
represent 25%, 50% and 100% explained variance of the aroma volatiles
by the latent variables.
Additionally, we have included in this plot the correlations between
the textural traits and the latent variables. We also have computed the
Pearson correlations between textural traits and volatile compounds
to measure the linear dependence between them.
For PLS DA, a total of two components and four criteria to measure
the influence of the aroma volatile compounds on the classification
were considered. The first criterion of the PLS DA selected the most
discriminant aroma volatiles variables between the two outer circles
(more than 50% of its variability is explained by the first two latent var
iables, i.e., distance from the origin greater than 0.7). These variables are
important in describing the variability within the dataset (Obando
Ulloa et al., 2008). The second criterion for this multivariate analysis
was Variable importance in the projection (VIP) scores higher than a
given threshold. As a selection criterion, a cut off value greater than
one it is generally used for the variables. The third criterion, Variable im
portance measures (VIM), was computed based on weighted sums of
the absolute regression coefficients, where the weights are a function
of the reduction of the sums of squares across the number of PLS com
ponents. For both VIP and VIM criteria, the selection of the number of
discriminant volatile compounds was based on the change of the
slope of the VIP or VIM values, respectively. Finally, the fourth criterion
consists of selecting the main compounds showing higher absolute
loading weights of one of the two PLS DA components (Quintás,
Portillo, García Cañaveras, Castell, Ferrer and Lahoz, 2012).
RF is a classification method based on a collection of decision trees
using samples from the dataset applicable to a large number of input
variables. The RF analysis provided two variable importance measures
useful for quantifying the relative contribution of each variable to the
classification (Liaw & Wiener, 2002). The first (RF1) was based on
mean decreases in accuracy and the second (RF2) was based on the
mean decreases in the Gini index. Multidimensional scaling (MDS)
plots were used to visualize the RF dissimilarity graphically. As men
tioned above, the selection criteria to conduct screening compounds
listed by RF were also a change in the slope of mean decreases in accu
racy and mean decreases in the Gini index.3. Results
3.1. Physiological behavior, textural traits and selection of aroma
volatile compounds
Both NILs and PS showed non climacteric behavior accompanied by
ethylene production levels below 5 pmol/(kg ∗ s) of ethylene. SC10 2
showed an average of 225 nmol/(kg ∗ s) of CO2 while levels of PS or
SC7 1 were 360 or 410 nmol/(kg ∗ s) of CO2, respectively (data not
shown).
SC10 2 had higher flesh firmness (11.2 N) than PS (6.8 N) but similar
whole fruit hardness (58.2 N/mm). SC7 1had lowerwhole fruit hardness
(36.9 N/mm) than PS (56.9 N/mm), but similarfleshfirmness (7.1 N). PS
and both NILs showed similar flesh juiciness (x̄ = 366.9 g/kg) and juice
density (x̄ = 1015 kg/m3) values. The pellet content of the juice (x̄ =
65.5 g/kg) and juiciness (x̄ = 934.5 g/kg) were similar in PS and SC7 1.
SC10 2 showed a higher pellet content of the juice (72.9 g/kg) and
lower juiciness (927.1 g/kg) than PS (64.1 and 936.0 g/kg). These flesh
and juice textural differences detected between PS and SC10 2 served
as a basis for mapping four textural QTLs (fh7.1; ff10.2; pc10.2; fj10.2)
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SC10 2) and PS as regards individual aroma volatiles than the RF analysis
according to confusionmatrices (Suppl. Table 13), and the samewas true
when compound classes were analyzed (data not shown). PLS DA has
previously been applied to aroma volatile studies but usually using a
smaller number of input variables (Obando Ulloa et al., 2008). RF gave
better discrimination than PLS DA for other melon quality traits, includ
ing sensory traits at harvest (Fernández Trujillo et al., 2009; Obando
Ulloa, Jowkar, Moreno, Souri, Martínez, Bueso, et al., 2009).
The first two PLS DA components explained a lower percentage of
the variance considering individual volatile compounds thanwhen con
sidering compound classes (Figs. 1 and 2). The low percentage of vari
ance explained by PLS DA using individual volatile compounds (Fig. 2)
was confirmedby launching themultivariate analysis using only twenty
variables (data not shown).
The variables measured had low correlation and greater indepen
dence, which suggests that several processes of aroma biosynthesis
are functioning independently. Obando Ulloa et al. (2008) also used
PLS DA and obtained better percentage of the variance explained in
the discrimination of climacteric NILs with introgressions in LG III
from PS. Also, PLS DA is less effective at separating PS and one non
climacteric PS type hybrid than at separating climacteric lines and PS
(Obando Ulloa et al., 2008).
Aldehydes and, to a lesser extent, alcohols and ketones were the
compound class that best characterized the aroma profile of the non
climacteric parental PS (Table 1), in agreement with previous results
(Obando Ulloa et al., 2008, 2010). The main differences between both
NILs and PS seem to be associated with the ketones and sulfur derived
compounds and the higher aldehyde content (Table 1; Fig. 1), particu
larly compounds derived from the L amino acids phenylalanine, isoleu
cine, valine and leucine pathways (Table 3; Suppl. Tables 1 and 3).
Differences in volatiles amongNILs and PSwere probablymainly associ
atedwith differences in enzymatic activities in the amino acid pathways
rather than limited by the availability of amino acids as substrate, be
cause only a higher concentration of valine (51%) but not of other poten
tial amino acid precursors was found in SC10 2 (data not shown).
In previous investigations (Obando Ulloa et al., 2010), noticeable dif
ferences were found between the aroma profile of NIL SC10 2 and con
trol PS, but no QTLs were mapped in that work. The NIL SC10 2 was
characterized by a lower ketone content than PS (Table 1) that could
be associated with differences in the metabolism of acetophenone or
the ethylbenzene (Table 3). The ketone 1 phenylethanone, detected in
PS and absent in NIL SC10 2 (Tables 2 and 3), has been described in bac
teria as a product of two sequential dehydrogenation reactions of ethyl
benzene to (S) 1 phenylethanol until 1 phenylethanone (Kniemeyer &
Heider, 2001).
As regards other metabolic pathways associated with the differ
ences between PS and SC10 2 QTLs and volatiles, these were related
in part to the free L amino acid metabolism, in which phenylalanine,
valine, isoleucine and leucine (Table 3) are considered aroma pre
cursors (Gonda et al., 2010; Qi et al., 2012; Smit et al., 2009). The
higher aldehyde content, mainly 2,4 dimethylbenzaldehyde, furan 2
carbaldehyde, 2 methylpropanal and/or 2 methylbutanal, all of which
were absent from PS (Tables 2, 4 and 5), characterized the firmer NIL
SC10 2. The aldehydes, 2 methylbutanal and 2 methylpropanal, are po
tent flavor compounds obtained via the correspondingα keto acid and
are regarded as key flavor compounds inmany foods (Smit et al., 2009),
particularly in melon fruit (Gonda et al., 2010). The volatile compound,
2 methylpropanal, an intermediate in the catabolism of leucine and va
line, is converted into 2 methyl propanoic acid or 2 methyl propanol
(Gonda et al., 2010; Smit et al., 2009). 2 methylbutanal, which is obtain
ed from L isoleucine conversion, is converted to its corresponding
branched chain alcohol 2 methylbutanol, and then, to its correspond
ing ester butanol 2 methyl acetate, a typical acetic ester present in cli
macteric melon fruits (Gonda et al., 2010; Pang et al., 2012; Qi et al.,
2012).Thedifference in the aldehyde content between PS and SC10 2 could
be due to the reduced conversion of aldehydes into alcohols and the
subsequent conversion into esters (Mahmuda & Ueda, 2008), partly be
cause of the greater flesh firmness of the NIL and the corresponding
lower availability of substrates. As regards the cell wall structure, high
levels of uronic acids and neutral sugars (especially galactose, cellulose
andα cellulose residue) have been relatedwith higherfleshfirmness in
another non climacteric NILwith an introgression in LGVII (Dos Santos
et al., 2011). This differential composition contributes to maintaining
and strengthening the network structure, reducing cell disruption and,
therefore, the formation of new volatiles (Baldwin, Scott, Shewmaker,
& Schuch, 2000).
The formation of 2,4 dimethylbenzaldehyde could follow the benze
noid biosynthetic pathway via phenylalanine (Table 3). Benzaldehyde
has been described as an intermediate in the formation of benzoic acid
via trans cinnamic acid following a non oxidative pathway. Trans
cinnamic acid is derived from phenylalanine as the product of phenylal
anine ammonia lyase (Ribnicky et al., 1998; Van Moerkercke et al.,
2009).
The L amino acids, mainly phenylalanine and methionine, were the
most important metabolism precursors of the volatile compounds of
the main discriminant compounds in NIL SC10 2 (Table 3). Fatty acids
involved in alcohol metabolism or carotenoid degradation (Leffingwell,
1999)were the other potential precursors described here such as for ex
ample the ketone 3,5,5 trimethylcyclopent 2 en 1 one (Table 3).
As regards the metabolic pathways involved in the higher sulfur
derived compound content of SC7 1 compared with PS (Table 1), S
methyl ethanethioate is related to the L methionine (Met) metabolism
(Table 3; Suppl. Tables 1 and 10). L methionine has been postulated to
serve as a precursor of sulfur containing aroma volatiles (Gonda et al.,
2013), which are important contributors to the distinctive aroma of
melon. The former pathway could involve the enzymatic degradation
of the amino acid cysteine from methionine, giving methanethiol, and
the subsequent production of sulfur derived compounds, such as S
methyl ethanethioate (Varlet & Fernández, 2010), or other volatile com
pounds, such as pentane 2,3 dione (Table 3), which is obtained in
certain microorganisms via the catabolism of methionine as a result of
4 methylthio 2 oxobutyric acid degradation (Arfi et al., 2006; Ott
et al., 2000). Methanethiol has previously been reported as an aroma
volatile in fruits of melon NILs (Obando Ulloa et al., 2010).
Other important compounds for SC7 1 are 1 octanol and benzyl ace
tate. The alcohol obtained from the alkane n octane is a precursor of the
aldehyde 1 octanal, via alcohol dehydrogenase (Wills, Stephen, & Bryan,
2012). The ester benzyl acetate is predominant in certain melon types
(Song & Forney, 2007) and is usually produced via the shikimic pathway
by the reduction of benzaldehyde to benzyl alcohol by the enzymebenzyl
alcoholacetyl transferase (Gonda et al., 2010; Mahmuda & Ueda, 2008).
Although some degree of cultivar dependence exists in the production
of benzyl acetate according to results using melon disks (Mahmuda &
Ueda, 2008), the higher benzyl acetate content of NIL SC7 1 could be
related with the greater conversion of benzaldehyde into benzyl acetate
from amino acids via transamination, as indicated by the results obtained
inmelon cubes (Gonda et al., 2010). Finally, the pathway of the aldehyde
2 methylbenzaldehyde/4 methylbenzaldehyde has been described
above.
Although further research is required, the association between com
pounds and metabolic pathways is the key in future investigation to
identify candidate genes in LG VII or X or new QTLs associated with
melon texture and aromas of interest to consumers.
5. Conclusions
The introgressions in LG VII and X did not affect themelon climac
teric behavior but higher flesh firmness, lower whole fruit hardness
and different juice textural properties were observed in LG X. The
higher flesh firmness of the NIL SC10 2 was mainly associated with
1811N. Dos-Santos et al. / Food Research International 54 (2013) 1801–1812nine aroma volatiles linked to aroma pathways which putative pre
cursors are L amino acids, fatty acids, gamma aminobutyrate and
alfa methylstyrene/ethylbenzene. The aldehydes potentially derived
from the L amino acids phenylalanine, leucine, valine and isoleucine
(with QTLsmapping in LG X), seen to be potential biomarkers of flesh
firmness. They may hinder aldehyde conversion into alcohols or es
ters due to the juice having a potential matrix effect resulting, in
part, from lower flesh juiciness of NIL SC10 2. The NIL SC7 1 with
lower whole fruit hardness showed less pronounced differences in
aroma volatiles with the PS parental than the NIL SC10 2, as revealed
by the better discrimination obtained using PLS DA than with the RF
analysis. Even so, thirty two QTLs in both introgressions were
mapped for aroma volatiles: twenty in LG X (one for the ketones
and nineteen for individual compounds mainly associated with the
aldehydes resulting from amino acid degradation) and twelve in LG
VII (one for the sulfur derived compounds group and the rest for in
dividual compounds associated with the L methionine or shikimic
pathways and carotenoid degradation). Univariate and multivariate
statistical methods confirmed the consistency of the results. The dif
ferences found in sulfur derived compounds and L methionine me
tabolism between SC7 1 and PS could be related in part to the
lower hardness of this NIL compared with PS.Acknowledgments
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AROMA VOLATILES AS BIOMARKERS OF TEXTURAL DIFFERENCES AT HARVEST IN NON-
CLIMACTERIC NEAR-ISOGENIC LINES OF MELON 
Suppl. Table 4.  Compound classes identified in the headspace of the fruit of near-
isogenic lines (NILs) SC10-2 and SC7-1 of melon and the parental line ‘Piel de Sapo’ 
(PS). The compounds are arranged according to the Variable importance for projection 
(VIP) in the Partial least squares-discriminant analysis (PLS-DA). 
Compound  
Ordera Classb VIP 
1 KET 1.91 
2 TER 1.36 
3 SDC 1.27 
4 ALD 1.12 
5 NAE 0.91 
6 OTH 0.79 
7 AHA 0.47 
8 ACE 0.37 
9 ACD 0.35 
10 ALC 0.14 
a Order of the main volatile compounds according to criterion VIP.  
b Compound classes: ACE, acetate esters; ACD, acids; ALD, aldehydes; ALC, alcohols; ALK, alkanes: 
KET, ketones; NAE, non-acetate esters; OTH, others; SDC, sulfur-derived compounds; TER, terpenes. 
Suppl. Table 5.  Compound classes identified in the headspace of the fruit of near-
isogenic lines (NILs SC10-2 and SC7-1) of melon and the parental line ‘Piel de Sapo’ 
(PS). The compounds are arranged according to the Variable importance measures 
(VIM) in the Partial least squares-discriminant analysis (PLS-DA).  
Compound 
Ordera Classb VIM 
1 KET 0.100 
2 TER 0.071 
3 SDC 0.051 
4 ALD 0.048 
5 OTH 0.047 
6 NAE 0.037 
7 ACE 0.025 
8 AHA 0.025 
9 ACD 0.014 
10 ALC 0.007 
a Order of the main volatile compounds according to criterion VIM.  
b Compound classes: ACE, acetate esters; ACD, acids; ALD, aldehydes; ALC, alcohols; ALK, alkanes: 




AROMA VOLATILES AS BIOMARKERS OF TEXTURAL DIFFERENCES AT HARVEST IN NON-
CLIMACTERIC NEAR-ISOGENIC LINES OF MELON 
Suppl. Table 7. Relative abundance in of main ions in probable mass spectra of the 
unidentified compound NID1 (RT=12.376 min; LRI Cal=975; IDN.70). Relative 
abundance was calculated in percentage (%) of each peak in relation to abundance of 
base peak (m/z=71).  Base peak is the most abundant peak (999). The mass range is 1 to 
999. Mass spectra taken of the NIL SC10-2, replica 1, fruit A.  
    Relative          Relative 
m/za Abundance Intensityb Abundance (%) 
25 25 1 0.02
26 249 12 0.23 
27 1574 77 1.46 
29 1382 67 1.28 
30 3 0 0.00 
31 521 25 0.48 
32 745 36 0.69 
33 23 1 0.02 
35 52 3 0.05 
36 2 0 0.00 
37 31 2 0.03 
38 94 5 0.09 
39 3036 148 2.81 
41 5381 263 4.99 
42 2150 105 1.99 
43 2997 146 2.78 
44 2101 103 1.95 
45 322 16 0.30 
46 61 3 0.06 
47 3 0 0.00 
48 42 2 0.04 
49 95 5 0.09 
50 217 11 0.20 
51 384 19 0.36 
52 79 4 0.07 
53 743 36 0.69 
54 543 26 0.50 
55 4308 210 3.99 
56 1708 83 1.58 
57 3591 175 3.33 
61 41 2 0.04 
62 29 1 0.03 
63 134 7 0.12 
64 177 9 0.16 
65 848 41 0.79 
66 175 9 0.16 
CAPÍTULO V 
AROMA VOLATILES AS BIOMARKERS OF TEXTURAL DIFFERENCES AT HARVEST IN NON-
CLIMACTERIC NEAR-ISOGENIC LINES OF MELON 
67 3119 152 2.89 
68 1997 97 1.85 
69 8433 412 7.82 
70 690 34 0.64 
71* 20491 999 18.99 
72 763 37 0.71 
73 88 4 0.08 
74 41 2 0.04 
75 72 4 0.07 
76 34 2 0.03 
77 186 9 0.17 
79 120 6 0.11 
80 259 13 0.24 
81 3535 173 3.28 
82 2377 116 2.20 
83 3705 181 3.43 
84 1611 79 1.49 
85 749 37 0.69 
86 399 19 0.37 
87 84 4 0.08 
89 22 1 0.02 
91 72 4 0.07 
93 470 23 0.44 
95 15270 745 14.15 
96 1346 66 1.25 
97 536 26 0.50 
98 21 1 0.02 
99 670 33 0.62 
100 36 2 0.03 
103 141 7 0.13 
105 127 6 0.12 
106 61 3 0.06 
107 123 6 0.11 
108 96 5 0.09 
109 1029 50 0.95 
110 4443 217 4.12 
111 803 39 0.74 
Number followed by an asterisk and highlighted in bold correspond to most abundant peak (base peak). 
The mass range is 1 to 999.  
a m/z, mass-to-charge ratio. 
b Relative Intensity: Abundances were calculated in relation of the base peak to normalize all mass 
intensities.  
c Relative Abundance (%): Relative abundance in percentage (%) of each peak in relation of the base 
peak. 
IDN: Identification number assigned for each volatile compound in the correlation plot of PLS-DA 
analysis (Fig.2); RT: Mean retention time in minutes for each volatile compound; LRI Cal: Linear 
retention indices calculated from the RT of a series of straight-chain alkanes (C6-C20).  
CAPÍTULO V 
AROMA VOLATILES AS BIOMARKERS OF TEXTURAL DIFFERENCES AT HARVEST IN NON-
CLIMACTERIC NEAR-ISOGENIC LINES OF MELON 
Suppl. Table 8. Relative abundance of main ions in probable mass spectra of the 
unidentified compound NID2 (RT=21.458 min; LRI Cal=1180; IDN.104). Relative 
abundance was calculated in percentage (%) of each peak in relation to abundance of 
the base peak (m/z=43). Base peak is the most abundant peak (999). The mass range is 
1 to 999. Mass spectra taken of the NIL SC10-2, replica 1, fruit B. 
  
Relative Relative 
m/za Abundance Intensityb Abundancec (%) 
25 36 1 0.01 
26 327 7 0.06 
27 9717 198 1.92 
28 2328 48 0.46 
29 12770 261 2.53 
30 370 8 0.07 
32 1070 22 0.21 
33 18 0 0.00 
35 10 0 0.00 
36 25 1 0.00 
36 15 0 0.00 
38 286 6 0.06 
39 10773 220 2.13 
40 2126 43 0.42 
41 38304 782 7.58 
42 4726 97 0.94 
43 48964 999 9.70 
44 2133 44 0.42 
45 1384 28 0.27 
46 2 0 0.00 
49 119 2 0.02 
50 321 7 0.06 
51 902 18 0.18 
52 916 19 0.18 
53 5682 116 1.13 
54 2970 61 0.59 
55 28676 586 5.68 
56 8040 164 1.59 
57 28974 592 5.74 
58 47872 978 9.48 
59 570 12 0.11 
60 152 3 0.03 
61 102 2 0.02 
62 205 4 0.04 
63 367 7 0.07 
CAPÍTULO V 
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64 14 0 0.00 
65 1577 32 0.31 
66 1427 29 0.28 
67 15873 324 3.14 
68 7959 163 1.58 
69 34094 696 6.75 
70 5133 105 1.02 
71 20136 411 3.99 
72 1771 36 0.35 
73 576 12 0.11 
74 166 3 0.03 
75 183 4 0.04 
76 169 3 0.03 
77 965 20 0.19 
78 381 8 0.08 
79 3436 70 0.68 
80 835 17 0.17 
81 23050 471 4.56 
82 4405 90 0.87 
83 16523 337 3.27 
84 8120 166 1.61 
85 11379 232 2.25 
86 823 17 0.16 
87 125 3 0.02 
88 100 2 0.02 
90 126 3 0.02 
91 609 12 0.12 
93 570 12 0.11 
94 784 16 0.16 
95 4696 96 0.93 
96 2805 57 0.56 
97 4051 83 0.80 
98 4694 96 0.93 
99 1698 35 0.34 
100 73 1 0.01 
101 408 8 0.08 
102 83 2 0.02 
105 983 20 0.19 
106 60 1 0.01 
107 788 16 0.16 
108 319 7 0.06 
109 31004 633 6.14 
110 4685 96 0.93 
111 2033 42 0.40 
CAPÍTULO V 
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112 11893 243 2.36 
113 5150 105 1.02 
114 541 11 0.11 
115 234 5 0.05 
121 178 4 0.04 
122 197 4 0.04 
123 5869 120 1.16 
Number followed by an asterisk and highlighted in bold correspond to most abundant peak (base peak). 
The mass range is 1 to 999.  
a m/z, mass-to-charge ratio. 
b Relative Intensity: Abundances were calculated in relation of the base peak to normalize all mass 
intensities.  
c Relative Abundance (%): Relative abundance in percentage (%) of each peak in relation of the base 
peak. 
IDN: Identification number assigned for each volatile compound in the correlation plot of PLS-DA 
analysis (Fig.2); RT: Mean retention time in minutes for each volatile compound; LRI Cal: Linear 
retention indices calculated from the RT of a series of straight-chain alkanes (C6-C20).  
CAPÍTULO V 
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Suppl. Table 9. Relative abundance of main ions in probable mass spectra of the 
unidentified compound NID3 (RT=20.879 min; LRI Cal=1143; IDN.91). Relative 
abundance was calculated in percentage (%) of each peak in relation to abundance of 
the base peak (m/z=57). Base peak is the most abundant peak (999). The mass range is 
1 to 999. Mass spectra taken of the NIL SC7-1, replica 2, fruit B.  
Relative Relative 
m/za Abundance Intensityb Abundancec (%) 
30 222 42 0.41 
31 128 24 0.24 
33 23 4 0.04 
34 70 13 0.13 
35 23 4 0.04 
36 24 5 0.04 
39 376 71 0.70 
40 291 55 0.54 
41 1579 298 2.94 
42 219 41 0.41 
43 3603 680 6.71 
44 663 125 1.24 
45 1015 192 1.89 
46 33 6 0.06 
47 20 4 0.04 
48 45 8 0.08 
49 32 6 0.06 
50 46 9 0.09 
52 89 17 0.17 
53 537 101 1.00 
54 376 71 0.70 
55 2080 393 3.88 
56 2429 459 4.53 
57 5291 999 9.86 
58 85 16 0.16 
59 219 41 0.41 
60 7 1 0.01 
61 21 4 0.04 
61 213 40 0.40 
62 176 33 0.33 
63 205 39 0.38 
66 458 86 0.85 
67 2418 457 4.50 
68 1770 334 3.30 
69 2480 468 4.62 
CAPÍTULO V 
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70 955 180 1.78 
71 2699 510 5.03 
72 295 56 0.55 
73 172 32 0.32 
74 168 32 0.31 
75 200 38 0.37 
77 75 14 0.14 
78 444 84 0.83 
79 260 49 0.48 
80 505 95 0.94 
81 1978 373 3.69 
82 3487 658 6.50 
83 1673 316 3.12 
84 991 187 1.85 
85 2191 414 4.08 
86 151 29 0.28 
88 335 63 0.62 
89 69 13 0.13 
91 238 45 0.44 
93 143 27 0.27 
94 116 22 0.22 
95 1861 351 3.47 
96 1941 366 3.62 
98 24 5 0.04 
99 445 84 0.83 
100 160 30 0.30 
101 181 34 0.34 
102 172 32 0.32 
106 19 4 0.04 
107 176 33 0.33 
108 133 25 0.25 
109 4153 784 7.74 
Number followed by an asterisk and highlighted in bold correspond to most abundant peak (base peak). 
The mass range is 1 to 999.  
a m/z, mass-to-charge ratio. 
b Relative Intensity: Abundances were calculated in relation of the base peak to normalize all mass 
intensities.  
c Relative Abundance (%): Relative abundance in percentage (%) of each peak in relation of the base 
peak. 
IDN: Identification number assigned for each volatile compound in the correlation plot of PLS-DA 
analysis (Fig.2); RT: Mean retention time in minutes for each volatile compound; LRI Cal: Linear 






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































AROMA VOLATILES AS BIOMARKERS OF TEXTURAL DIFFERENCES AT HARVEST IN NON-
CLIMACTERIC NEAR-ISOGENIC LINES OF MELON 
Suppl. Table 11.  Main volatile compounds identified in the headspace of the fruit 
of near-isogenic lines (NILs) SC7-1 and SC10-2 of melon and the parental line ‘Piel de 
Sapo’ (PS) with absolute loading weights higher than 0.1 in at least one of the two PLS-
DA components. 
Ordera CASb number PLS-DA1 PLS-DA2 
1 000600-14-6* -0.200 0.239 
2 000078-84-2* -0.195 0.003 
3 015764-16-6* -0.177 -0.122 
4 000111-87-5* -0.168 0.152 
5 003268-49-3* -0.167 -0.031 
6 NID3* -0.164 0.075 
9 000529-20-4 / 000104-87-0* -0.150 0.179 
8 000096-17-3* -0.150 -0.086 
7 074367-31-0* 0.150 -0.031 
11 002040-07-5* -0.148 -0.185 
10 024156-95-4* -0.148 0.171 
12 004621-04-10 -0.146 -0.004 
13 000098-86-2* 0.141 0.068 
14 000076-22-2 / 000464-49-3 0.139 0.002 
15 000471-01-2 0.135 -0.038 
16 005441-52-1* 0.133 0.138 
17 019780-39-3* -0.129 0.187 
18 000124-18-5* 0.126 0.100 
19 000140-11-4 -0.124 0.147 
20 000767-54-4 -0.123 0.035 
21 000096-48-0* -0.121 -0.152 
24 0096316-89-1* -0.120 -0.152 
23 000098-01-1 -0.120 -0.149 
22 000629-50-5 0.120 -0.002 
26 070424-13-4 -0.119 0.060 
25 000557-48-2 0.119 -0.015 
28 001534-08-3* -0.118 0.172 
27 079637-11-9 / 000629-20-9 0.118 -0.061 
30 NID1* -0.117 -0.183 
29 000475-20-7 0.117 0.078 
31 000629-59-4 -0.116 0.017 
32 000624-16-8 -0.115 0.127 
33 000591-23-1 0.114 0.080 
35 061193-21-3 -0.113 0.060 
34 068411-77-8 0.113 0.021 
38 000585-74-0 / 000577-16-2* 0.112 0.134 
37 000123-86-4 -0.112 0.083 
36 NR1 -0.112 -0.016 
39 003214-41-3* -0.111 0.103 
40 000123-73-9 0.105 0.015 
41 000093-92-5* -0.089 -0.150 
42 019550-05-1 -0.079 -0.131 
CAPÍTULO V 
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43 000617-94-7 0.077 0.110 
44 NID2* -0.074 -0.169 
45 009057-02-7 -0.063 -0.106 
46 000122-03-2 -0.060 -0.115 
47 001565-75-9 -0.056 -0.144 
48 000492-37-5 0.052 0.144 
49 000110-93-0 0.045 0.117 
50 000078-93-3 0.042 0.136 
51 000108-21-4 -0.036 0.134 
52 074683-66-2 -0.026 0.100 
53 000123-92-2 0.025 0.114 
54 000079-20-9 0.017 0.106 
55 029590-42-9 -0.009 0.110 
56 NR2 0.000 0.119 
a Order of the main volatile compounds according to criterion loading weights higher than 0.1in PLS-
DA1. CAS numbers highlighted in bold correspond to volatile compounds with absolute loading weights 
higher than 0.1 in two PLS-DA components. CAS numbers followed by an asterisk correspond to main 
volatile compounds identified in the previous PLS-DA analysis (50%-100% variance explained or 0.7-1 
distance to the origin in correlation plot, VIP and VIM; Table 4 and Suppl. Tables 1 and 10). 
b CAS, chemical abstracts service. 
Abbreviations: NID, unidentified, NR, not reported CAS number in literature search. 

















































































































































































































































































































































































































































































































































































































































































































































AROMA VOLATILES AS BIOMARKERS OF TEXTURAL DIFFERENCES AT HARVEST IN NON-
CLIMACTERIC NEAR-ISOGENIC LINES OF MELON 
Suppl. Table 13. Confusion matrices of individual volatile compounds for Partial 
least squares-discriminant analysis (PLS-DA) and Random forest (RF) analysis. Data 
are the number of replicates analyzed in the near-isogenic lines (NILs) SC10-2 (n=3) 
and SC7-1 (n=5) of melon and the parental line ‘Piel de Sapo’ (PS) (n=21). 
PLS-DA 
Line PS SC10-2 SC7-1 
PS 21 0 0 
SC10-2 0 3 0 
SC7-1 0 0 5 
RF 
Line PS SC10-2 SC7-1 
PS 21 0 0 
SC10-2 3 0 0 
SC7-1 3 0 2 
Numbers highlighted in bold correspond to a non correct classification according to confusion matrix of 
RF. 
CAPÍTULO V 
AROMA VOLATILES AS BIOMARKERS OF TEXTURAL DIFFERENCES AT HARVEST IN NON-
CLIMACTERIC NEAR-ISOGENIC LINES OF MELON 
Supplementary Figures. 
Suppl. Fig. 1. Classification of the ten compound classes according to Random 
forest (RF) analysis. A. The compound classes listed in axe RF1 based on the mean 
decreases in accuracy. B. The compound classes listed in axe RF2 based on mean 
decreases Gini index. Melon fruit compound classes identified in near-isogenic lines 
(NILs) SC7-1 (○; n=5) and SC10-2 (; n=3) of melon and the parental line ‘Piel de 
Sapo’ (PS,●; n=21). ACE, acetate esters; ACD, acids; ALD, aldehydes; ALC, alcohols; 
ALK, alkanes; KET, ketones; NAE, non-acetate esters; OTH, others; SDC, sulfur-






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































AROMA VOLATILES AS BIOMARKERS OF TEXTURAL DIFFERENCES AT HARVEST IN NON-
CLIMACTERIC NEAR-ISOGENIC LINES OF MELON 
Suppl. Fig. 5. Main discriminant melon aroma volatile compounds (sixty identified 
with their respective CAS numbers) of the total of 127 compounds identified in the 
experiment according to the Variable importance in the projection (VIP) in the Partial 
least squares-discriminant analysis (PLS-DA). The screen for thirteen volatiles listed 
were selected based on a change in the slope and above 72% of the maximum value 
(2.34) for the nine compounds more discriminant (in black) and above 64% of the 
maximum value for the remaining four compounds (in white). Melon fruit aroma 
compounds identified in near-isogenic lines (NILs) SC7-1 (○; n=5) and SC10-2 (; 
n=3) of melon and the parental line ‘Piel de Sapo’ (PS,●; n=21). 
CAPÍTULO V 
AROMA VOLATILES AS BIOMARKERS OF TEXTURAL DIFFERENCES AT HARVEST IN NON-
CLIMACTERIC NEAR-ISOGENIC LINES OF MELON 
Suppl. Fig. 6. Main discriminant melon aroma volatile compounds (sixty identified 
with CAS numbers) of the total of 127 identified in the experiment according to the 
Variable importance measure (VIM) in the Partial least squares-discriminant analysis 
(PLS-DA). The screen for twelve volatiles listed were a change in the slope and above 
69% of the maximum value (0.0189) for the nine compounds more discriminant (in 
black) and 65% of the maximum value for the remaining three volatiles (in white). 
Melon fruit aroma compounds identified in near-isogenic lines (NILs) SC7-1 (○; n=5) 
























































































































































































































































































































































































































































































































































































































AROMA VOLATILES AS BIOMARKERS OF TEXTURAL DIFFERENCES AT HARVEST IN NON-
CLIMACTERIC NEAR-ISOGENIC LINES OF MELON 
Suppl. Fig. 8. Discrimination of the near-isogenic lines (NILs) SC7-1 (○; n=5) and 
SC10-2 (; n=3) of melon and the parental line ‘Piel de Sapo’ (PS,●; n=21) using 
Multidimensional scaling (MDS) plots based on Random forest (RF) analysis applied to 
the mean relative content in percentage of the probable fruit aromatic volatile 
compounds identified. Datasets and the corresponding centroids for the different lines 

















































Diferencias aromáticas entre melones climatéricos de dos tipos y 
melones no climatéricos del tipo “Piel de Sapo” 
Noelia Dos-Santos1, María del Carmen Bueso2, Antonio José Monforte3 y Juan Pablo Fernández-Trujillo1,* 
Equipo Multidisciplinar de Investigación en Calidad Postcosecha Orientada a 
Mejora Genética y Biotecnología 
1 Universidad Politécnica de Cartagena (UPCT). Dpto. de Ingeniería de Alimentos y del Equipamiento Agrícola. 
ETSIA e Instituto de Biotecnología Vegetal. Paseo Alfonso XIII 48, 30203 Cartagena (Murcia) 
*Teléfono: 968 325436. E-mail: juanp.fdez@upct.es
2 UPCT. Dpto. de Matemática Aplicada y Estadística. ETSII. Doctor Fleming s/n, 30202 Cartagena (Murcia) 
3 Instituto de Biología Molecular y Celular de Plantas (IBMCP). CSIC/UPV 
Ciudad Politécnica de la Innovación - Edificio 8E Ingeniero Fausto Elio s/n,  46022 Valencia 
Resumen. En diferentes cultivares de melón aromáticos y climatéricos o no climatéricos se han 
detectado diferencias en producción de etileno durante la maduración postcosecha. Los volátiles del 
parental “Piel de Sapo” (PS) y de una variedad comercial (“Nicolás”) sirvieron de referencia como 
no climatéricos mientras que la línea casi isogénica 6M1 y la variedad “Védrantais” fueron 
considerados como los aromáticos y climatéricos. El carácter climatérico se caracterizó por el 
contenido en ésteres (acéticos y no acéticos) y compuestos derivados del azufre, con mayor contenido 
en ésteres no acéticos (metil 2-metilbutanoato) en “Védrantais”. Los frutos de melones no 
climatéricos se diferenciaron por un alto contenido en  aldehídos como el 2-metilpropanal (mayor 
contenido en “Nicolás”), terpenos, alcoholes y cetonas, como la 2-butanona (mayor contenido en PS). 
Los resultados analizados mostraron que existe una influencia genética de la variedad en biosíntesis y 
rutas metabólicas de aromas volátiles, especialmente en ésteres no acetato en variedades climatéricas 
con muy alta producción de etileno. 
1. Introducción
El comportamiento fisiológico de los frutos de melón 
según su carácter climatérico  está determinado 
genéticamente, aunque el control genético de la 
transición climatérica todavía no está completamente 
determinado [1]. 
El aroma de la fruta es uno de los parámetros que 
más influyen en las preferencias del consumidor y es 
el resultado de una compleja mezcla con una amplia 
gama de compuestos con diferente grado de 
volatilidad. Una importante contribución al aroma 
característico de la fruta y a la percepción de su 
calidad general depende de los ésteres y en cierta 
medida de los compuestos azufrados [2, 3, 4]. En 
melones climatéricos, el aroma debido a los volátiles 
es un factor esencial de calidad vinculado al proceso 
de maduración y está controlado genéticamente [5].  
Existe un interés creciente por conocer marcadores 
moleculares asociados a atributos de calidad del 
melón, como el aroma, e identificar Quantitative 
Trait Loci (QTL) asociados al climaterio y la 
producción de etileno que están directamente 
relacionados con la vida comercial del fruto [6, 7]. En 
trabajos previos con líneas casi isogénicas (NILs) de 
melón [7, 8] hemos determinado que la presencia de 
un QTL en el grupo de ligamiento III produce frutos 
aromáticos y con pulpa de un aroma retronasal 
diferenciado del tipo “Piel de Sapo” (PS) no 
climatérico. Sin embargo, dentro de los melones 
climatéricos verificamos que hay variabilidad en 
aromas [7]. Igualmente existe interés por verificar si 
existen algunos aromas diferentes entre tipos no 
climatéricos “Piel de Sapo” con fines de mejora 
genética.  
La coexistencia de variedades de melón con 
maduración climatérica y no climatérica dentro de la 
especie, hacen que sea  un sistema adecuado para 
estudiar el control genético de la maduración 
climatérica [6]. En [7] solamente utilizamos un perfil 
de 29 aromas volátiles comunes para diferenciar entre 
NILs climatéricas y no climatéricas, “Védrantais” y 
“Nicolás”, además de otras líneas. En el presente 
trabajo evaluamos todos los aromas detectados con 
microextracción en fase sólida (SPME) para verificar 
mayores diferencias y rutas metabólicas asociadas. 
2. Material y Métodos
Los frutos procedieron de una colección de líneas 
casi-isogénicas ó NILs de melón ampliamente 
descrita [6, 9]. El material vegetal consistió en dos 
tipos no climatéricos: un parental tipo español “Piel 
de Sapo” (C. melo var. inodorus Naud cv. T111) y un 
melón híbrido var. Nicolás (Syngenta Seeds). 
Respecto a los tipos climatéricos fueron: C. melo var. 
cantalupensis Naud, cv. Védrantais y la línea casi 
isogénica 6M1, con dos introgresiones (grupos de 
ligamiento III y VI) del cultivar coreano Shongwan 
Charmi PI 161375 (SC) en el fondo genético del tipo 
PS [6]. Los frutos se cultivaron en Torre Pacheco 
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